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INQ73STIGATIONOFDX4NWASHANDWAKECHARACTERISTICSAT

AM4CHNUM6EROF 1.53. 111-SWEPTWIN=

By EdwardW. PerkinsandThomasN. Canning

Theresultsofan experimentalinvestigationof thedownwashand
wakecharacteristicsbehindtwohighlysweptwingsina supersonicstream
arepresented.Theleadin~dgesweepanglesof thetwowingswere63°
and63°45~, the aspectratioswere3.50and1.66,andthecorresponding
taperratioswere0.25and1.00. TheMachnumberof thetestswas1.53
andtheReynoldsnwnbersbasedon themeanaerodynamicchordswere1.4
millionforthetaperedwingand2.6millionfortheuntaperedwing.
Measurementsweremadeof thevariationofdownwashanglewithangleof

. attackat severalpositionswithintheInducedflowfield.Additional
surveysweremadetodeterminethe~ositionandextentof thefriction
wake. Theexperimentaldownwashresultswereccmparedwiththecharac–

. teristicscalculabdbymeansof thelineartheory.

Agreementbetweentheexperhnentalandtheoreticalvaluesofthe
rateof changeofdownwashanglewithangleofattackat zeroliftwas
goodonlyat isolabdpoints.In general,theexperimentalvaluesfor
thetaperedwingweremuchlessthanthetheoretical.At mostof tie
surveypointstherateof changeofdownwash@e withangleofattack
forthetaperedwfngdidnotexceed,at anyangleofattack,thecor–
respendingtheoreticalvaluesof therateof changeofdownwashat zero
lift.‘Theclifferencesbetweentheexperimentalresuitsfortheurkqered
wingandthetheoreticalcalculationsarebelievedtoresultfromdif–
ferencesbetweentheactualloaddistributionandthatcalculatedby
theory.

Thegeneralcharacteristicsof thefrictionwakeweresimilarto
-&oseobsenedinsubsonicflow. Withincreasingdistancedownstream
fromthetrailingedgethewakeexpandedand,withthewfngatpositive
anglesofattack,moveddownwardrelativeto thefree-streamdirection.
Ingeneral,themaximumpitot=pressurelossat thewakecenterline
decreasedwithincreasingdistancebehindthetrailingedge.

INTRODUCTION

A complete“theoreticaldeterminationof thelongitudinalstability
characteristicsof supersonica~craft reqLlireEla kIlOWled&@ Of the
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distributionof downwashandofthecharacteristicsof thefrictionwake.
Theoreticalmethodsforpredictingthevariationofthedownwashangle

—

withangleofattackat zerollf’tforbodiesofrevolutionandforltitlng “
surfacesofa widevarietyofplanformsareavailable(references1,2,
and3].However,forthecaseoffiniteliftno theoreticalmethodsfor
predictingtheeffectson thedownwashdistributionofeithertherolling
up of thevortexsheetorof thepresenceofthefrictionwakearenow
available.

Inordertodeterminethereliabilityandlimitsofapplicabilityof
thetheoreticalmethodsforpredictingdownwashdistributionandtogain
someinsightIntotheeffectsof thefri,ctionwakeandof therollingup
ofthevortexsheet,an experimentalinvesti~tionof thedownwashand
wakecharacteristicsforseveralwingplan$ormswasundertaken.Zhe
firsttworeportsof theinvestigation(references4 and~)dealtwiththe
resultsfora rectangularanda triangubrplan+’ormwing;thepresent
reportisconcernedwiththedownwashandwakecharacteristicsof two
highlysweptwings. —
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SYMBOLS

slopeofanyraythroughtheorigin.dividedby slopeofthe
Machlines

localchord,inches

rootchord,inches

tipchord,inches

liftcoefficient

normal+orcecoefficient

free+treamtotalpressure,poundspersquareinch

differencebetweenthepitotpressureata pointinthewakeand
thepitotpressureinthefreestreamwheretheyitotpressure
isthepressuremeasuredby a pitottubeineithersubsonic
flow,wherethispressureisthelocaltotalpressure,or in
supersonicflowwherethispressureisequalto thelocaltotal
pressurefortheflowbehinda normalshockwave,poundsper
square.inch

slo~eofleadingedgedividedby slopeof theMachlines
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slopeofthetrailingedge
lines
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free-streamI+kchnumber

pressureat a pointonthe
persquareinch

dividedby slopeof theMach

lowersurfaceof thewing,lo.ynds

pressureactingata pointon theuppersurfaceof thewing,
poundspersquare

free-streamdynamic

Re~oldsnumber

semispan,inches

inch

pressure,poundspersquareinch

perturbationvelocitiesin

valueof uA at a~ value

valueof UA at aso for

the.x direction

of a

wingwithsribsonicleadtigedge

basicperturbationvelocityas givenby solutionforthe ‘
triangularwingwithsubsonicleadingedge

[

aVm2
~E(k’)~~ 1

free~tresmvelocity,feetpersecond

perturbationvalocitiesinthez direction

longitudinal,lateral,andno-l coordinates,respectively,
withtheoriginat theleadin~dgeapexof thewingand
the x axiscorrespondingto thefree+treamdirection

completeellipticintegralof thesecondkindwithmodulusk:

incompleteellipticintegralof thefirstkindwithmodulus
k andsinamplitudecp

completeeldipticintegral

angleofattack,degrees

angleof twistrelativeto

6

of theftistkindwithmodulusk

rootchord,degrees
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A L.E.

A T.E.
r.p.

downwaehanglemeasuredfromthefree+imeam

mcAm A9K02
.

direction,degrees

differencebetweenthedownwashangleatangleofattackand -
thedownwashangleat u s O, degrees
.

rateofchangeofdownwashanglewithangleofattackat zero
ku?t

-.

y+lz

Xz-$zyz-p%z , complexargumentforthesolutionofthe
supersonicflowequations

aweepbackangleofleadingedge

sweepbackangleof trailingedge

real‘partofa complexvariable

APPARATUSANDTESTS

ThetestswereperfomedintheAmes1-by S+f’ootsupersonicwind
tunnelNo.1. Duringthisinvestigationthewindtunnel,whichisa
variable~ressureclosed~turnwindtunnel,wasequippedwitha fixed
nozzlewhich@avea testsectionMachnm?iberof1.53. .-“

Detailed~awingsgivingthepertinentdhmmsionsof thetwosemispan
modelsandofthesupyortsystemusedinthisinvestlgationareshownin
figures1 and2. ModelA hada leadin~dgesweepangleof63°, anaspect -
ratioof3.5, anda taperratioof 0.25.Theairfoilsectionsparallel
tothefree~treamdirectionhadanNACA6h.AO05thicknessdistributionand
thewingwascamberedandtwistedtogive,theoretically,a uniformload
distributionat thedesignliftcoefficientof0.25at Md.5. (See
references6 and$’.)ModelB,whichwasnottwisted,~d a leakdge
sweepangleof63 451, anas~ectratioof1.66,anda taperratioofljO.
Theairfoilsectionsnormaltotheleadingedgewerespwtrical,biconvex,
circula~c sections,15.9percentthick.Thislargethicknessratio
resultedfromtheuseof7fiercen&thicksectionsinthestreamwise
direction.!lhischoicewasbasedonmodelstrengthconsiderationssince
thesamemodelwasusedinpressure-distributiontests(reference8).

Theorientationofthemodels,of theboundary-layerplate,andof
thesurveystationsisshowninfigure2. A detaileddescriptionof the
supportsystemanda discussionof theprecautionstakentominhnizethe
‘disturbancesInthetunnelairstreamcausedby theboundary-layerplate
aregiveninreference4. Thenecessityofusinga boundary-layerpla%
inconjunctionwiththesetestslimitedtheextentof theflowfield
downstreamof themodelsthatwasfreeofdisturbancesfromtheplate.
Consequently,mostof thedownwashsurveystations,particularlyfor
modelB, arenotsufficientlyfarbehindthewingtobe inlikelytail
positions.Thelocationsofthedownwashsurveypointsrelativetothe
pertinentMachconesformodelsA andB aresho&-

C
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infigure3.
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Theexperimentalprocedureusedinthisfnveati~tionwasthesame
as thatdescribedinreference4,whichispartI ofthisseriesof
reports.Thedownwashanglesat eachsurveypointweremeasuredby the
useofa smallcone.Foreachangleofattackofthemodel,theangle”of
attackof theconewasadjusteduntilthepressuresontheu~perandlower
surfaceswereequalized.Theresultingangleofattackof theconewasthe
localstreamangle.Exceptwherespecificallynoted,alldetailsofmodel .
constructionandsuyport,instrumentation,andreductionandcorrectionof
dataareidenticaltothosedescribedinreference4-.ThetestReynolds
nmubersbasedon themeanaerodynamicchordswere1.4millionforthe
taperedwingand2.6millionfortheuntaperedwing. Forcontinuityin
thisseriesofreportsandtoaidin thereductionof &e data,thesame
numberingsystemforthedownwashandwake-surveystationsthatwasused
inreferences4 and5 hasbeenretained.

CORRECTIONSANDPRECISION

Thedownwashanglespresentidforsurveystations2 and4 were
correctedby supe~osittonof thestreamdeflectionscausedbyboththe
supportsystemandthenonuniformi~ofthefreestream.Thedatafor
station3 havenotbeencorrectedfortheseinterferenceeffectssince
no suitablestieamcalibrationwasobtainedat thisstation.However,in
viewof therelativepositionsof stations2 and3, it isbelievedthat
at station3 theseinterferenceeffectswereonlyslightlygreaterthan
at station2. Sincethecorrectionsat station2 weresE&l andhadlittle
effecton thefind results,itisbelievedthattheuncorrectedresults
presentedforstation3 areat leastqualitativelyuseful.

me precisionof theresultspresentedisthesameas thatof ref–
erence4. Theexperimentalvaluesof e f and a areaccuratetmwithfn
+O.1°and*0.05°,respectively.Thelocationsofthe~~scouswakebound–
aries,whichhavebeentakenas thepointsatwhich ~ =-0.005,are

u

correcttowithin0.06inch.Thisis1.9percentof themeanaerodynamic
chordofmodelA and1.0percentof themeanaerodynamicchordofmodelB.

THEORETICALCONSIDERATIONS

Thelinearizedtheoryofcompressibleflowhasbeenusedtocompute
theliftdistributionsfora widevarietyofwingplanforms.Thetwomost
comnonapproachesusedaretheconical<lowsuperpositionmethodandthe
doubletdistributionmethod.Eithermethodmaybe usedtocalculatethe
loaddistributionovera givenplanform. Since~ forlinearizedflow
solutions,thereisa uniquerelationshipbetweentheloadingandthedown–
washperturbationvelocityw, thedcwnwashfieldcorrespendingtoany
givenliftdistributioncanbe calculated.Theliftdistributionforwing
planformswithbothleadingandtrailingedgessweytbehindtheirrespec–
iiveMachlineshasbeeninvestigatedinreference9 by theuseofthe
conical~lowsuperpositionmethod;butno &atment of thecorresponding
downwashfieldhasas yetbeenpublished. .

—
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Inreference9, the superpositionoflinearizedconicalflowsisused
toforma finitewingfroma flatliftingtriangleof infinitechordby
cancellationoftheliftbehindthelineswhicharetoformthetrailing
edgeandoutboardofthelinesformingthetips.Theliftcancellation
at thewingbountiiesisachievedby a superpositionofuniformlyloaded
lifttigelements.Thelinearizedsoluticmfortheflowfieldof these
elementsisconicalwithrespecttotheapexofeachelement.Inref-
erence9,expressionsforthedistributionofthestreamwlseperturbation
velocityu oftheseelementswerederivedandusedintheinvestigation
oftheliftdistribution.

At firstglanceitwouldappearthattheprocedureusedinreference
9 forcalculationoftheliftdistributioncould.be applieddirectlyto
thedeterminationof theentiredownwashfield.However,inthetreatment
oftheliftproblemcertaindifficultieswereencounteredinsatisfying
theboundaryconditionswithintheregioninfluencedby thewingtipsand
certainapproxti.tionsforthetreatmentoftheliftproblemwerenecessary.
Althoughtheseapproxhnationsdonotaatisytherequirementofzeropres-
suredifferenceoffthewing,theyaresatisfactoryinthetreatmentof
thetotalliftproblemsincetheareaoftheliftingsurfaceaffectedIs
usuallysmall.Theseapproximationsare,however,unsatisfactoryforthe
calculationofdownwashdistributionintheregioninfluencedby thewing
tips. Furthermore,itisapparentfromtheresultsofrecentexperimental
investi~tions(references8 and10)of thepressuredistributionsfor
modelsA andB thatthelineartheorydoesnotpredictadequatelythe
liftingpressuredistributionintheregionaffectedlythetrailingedge
andtip. Thepooragreementwithinthehkchconefromthetrailin~dge
apexhasbeenattributedprimarilytoviscouseffectswhicharenotcon-
sideredinthetheory.Nearthe’tipthefailureofthetheoryisbelieved
tobe duebothtoviscouseffectsandtotheeffectsof distortionof the
dischargedvortexsheetat thetip. fiviewofboththetheoreticalcon-
siderationsandtheexperimentalresults,therefore,itappearsunlikely
thatanythingwouldbe @ined.by furtherattemptstocalculatethedown-.
washdistributionintheregioninfluencedby-thewingtipsuntila more
suitablemethodofpredictingtheloaddistributionwithinthisregion
becamesavailable.

Althoughtheloaddistributionintheregioninfluencedby thetrail–
ingedgeisknowntodifferfromthatpredictadby thelineartheory,the
differenceisgenerallylessthanintheregioninfluencedbyboththe
tipandtrailingedge. Therefore,sincethedownwashdistributioninthat
partoftheinducedflowfieldthatisnotinfluencedby thetipcanbe
determinedwithinthelimitationsof thelineartheory,.calculationsfor
thatpartof theflowfieldhavebeenperformed.Thegeneralprocedure
forcalculatingthedownwashfieldwithinthisregionisb startwiththe
solutionfora flatliftingtriangleof infinitechordhavingthesame
ratioofthetangentsoftheleadin~dgehaki?-apexangleandMachangle
as thewingunderconsideration.Thissolutionisconicalwithrespect
totheleadingapex. Chartsofthedown.washfieldfora seriesof such
liftingsurfacesareavailableinreferenceIl. Casesnotspecifically

.
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calcula~dmaybe”detmninedby interpolationof theseresults.The
equationforthespanwisedistributionofvelocitytobe canceledinthe
formationofthetrailingedgeisgivenh reference12forthetriangular
wingof infinitechordand,inthenotationof thispaper,is

aVm2
‘A ‘ ~E(kt)J~

(1)

Thecancellationofthepressuresrepresentedby thisvelocitydistribution
isaccomplishedby theuseof twoprimaryelements.A synmetiimltrailh~
edgeelementisusedtocmcel thewjor portionof thepressurebehindthe
trailingedge. Theexpressionforthedownwashcmnponentw associated
withthiselementhasbeenderivedintheappendixandis

-0 1
w= r.p. — – COsil-=~P(l+m~o”)2~2zo*2 +Jo–HYO*)2+mt2zo*2

K(k) mt 2 1
(2]

where
YoIx. – (zo/xo)JL(YJxo)2- (zo/+2

YO*= ZO*=
l–(zo/xo)z 1– (z’o/x J2

where

Xo = x— co Yo= Pr Zo= pz

Thecancellationof theremainder

(valueof uA at a=O) (3)

ofthepressureat thetrailingedgeis
achievedby a superpositionofobliquetrailin~dgeehnents. Theexpres–
sionforthedownwashcomponentw associatedwiththeobliquetrailin~
edgeelements,as derivedintheappendix,is

r%-10g 1(Sk& Q)’+(X-&fy
(f2+&Q)’+(X+JQ3)2 (4)
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(d= (~ -ya*)2+za*2

*“J (l+ya*)2+za*2

where

YFJ5 ,,* -w%) A-(Ya/xJ= (za/xJ*Ya*= =~ l-(za/xJ*

Theexpressionforthecontributionofalltheobliquetrailin~dge
elementssuperimposedalongthetrailingedgefrom a=Oto a=+ao is

() a
w o
a X,y,z‘-& J [1–(a/J)2]s~2o.

—

—

( fl- Jq )2+(x–J--qEl)*
log(i-l+KAqaJ)2+(x+4/Ep)*1* (5)

where a. iseitherthevalueof a at thepointof intersectionof,the
trailingedgeandtheMachconefromtheleadin~dgetiporthevalueof
a forthemostrearwardelementthatwillinfluenoethepoint x,y,z.
Inthefirstinstance,

, (6)

where

.

—
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.
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Ihthesecond
.

where

instance, the expressionis

*-=
(7)

A=

B =

c =

Theevaluationof

9

a. = !a

X2- fl%a- (qco+j3Y)2

q [d%-x)+PY(m@o+w)+R’1.
mt2[(x-co)2-p2(y2+z2)]

equation(5)betweenthelimitsa=o to a=+an forany
point x,y,z givesthecontributionoftheobliquetrailing-ed~elements
forcancellationofliftlehindtheri@t halfof thewing. Thecontribu-
tionof theobliqueelementsfortheotherha~~ ismosteasilydeter-
minedbynmkinguseofequation(5)withthesi~ of y reversed.The
upperlimitof integrationis,ofcourse,changedsincea. isalsaa
functionof y.

Thetotaltheoreticalvalueof (d~/da)kO at anypointx, y, z.
whichisnotintheMachconefromtheleadin&edgetiy(fig.3) isthen
thesumof threesolutions:first,thecontributionof the-basicsolution. obtainedfromreferencell;second,thecontributionof theqmmetiical
trailin~dgeelement(equation(2));and,third,thecontributionof the
obliquetrailin~dgeelements(equation(5)evaluatedforbothpositive
andnegativevaluesof y). (%lculationsof thetheoreticaldownwash
distributionhavebeenmadeformodelsA andB forcomparisonwiththe
experhentalresuitsintheregionnotMluencedby thewingtip. These
resultsarepresentedintableI.

RESULTSANDDISCUSSION

RateofChangeofDownWashwithAngleofAttackatZeroLfl’t

Thevariationofdownwashanglewithangleofattackat eachsurvey
pointformodelsA andB arepresentedinfigures4 and5, respectively.
Thetheoreticalvaluesof (‘e/@L=O arealsoshownforalJstiey
pointswhicharenotwithintheMachconesfromtheleadin~dgetips
(fig.3).FormodelA, thestraightlinesrepresentingthesetheoretical
valueshavpbeendrawnthroughthee~erimentalcurves’at a = 1.2°for

. comparisonwiththee~erimentalresults.Thiswasdonesincetheforce
testsofreference7 showedthattheangleof zeroliftformodelA was
approximately1.2°. (Seefig.6.) FormodelB, theangleof zerolift
hasbeenassmedtobe zeroangleofattack,as inreference8, since
theairfoilsectionsweres-trical aboutthechordplane.
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Theexperimentalandtheoreticalvaluesof (d~/@ko agreeonly
at fsolatedyointsforbothmodels(the30-,40-,and50-percentsemispan
positionsat station2, andthel~and 3@ercentpositionsat station4
formodelA; the10-,70-,and90-percentsemisphnpositionsat station2,
andthel~ercent semispanpositionat stationk formodelB). Forall
theremainingsurveypositionsforbothmodels,theexperhntalvaluesof
(de’/dm)L=owerelessthanthetheoreticalvalues.Basedontheresults
presentedinfigure6 a somewhatsmallerdifferencemightbe anticipated
since,inthelowangle~f-attaclcrange,theexperhuentalliftandnormal
forceaurveslo~esformodelsA andB, respectively,areonlyslightlyless
thanthatpredictedby theory.Morerecentexperimentalresultsformodel
A (reference13)showthatthelift-curveslopeisa functionofReynolds
numberandthat,at a Reyr@dsnumberof1.5X 106whichisapproximately
theReynoldsnumberforthedownwashtests,thevalueofthelif&nxrve
slopeis0.049perdegreeasagainstO.Okkper degree shownInfigure6.
Bothof theseexperhnentalvaluesareonlyslightlylessthanthetheoret-
icalvalueof0.051perdegree.

VariationofDownwashAnglewithAngleofAtfack

Thesloyesof theexpertientalcurveswhichdescribethevariationof
downwashwithangleofattackformodelA (fig.4) didnotexceed,atany
angleofattack,thecorrespondingtheoreticalvaluesof (de/@L=O
exceptat the80-and90~ercentsemispanpositionsat station2 andthe
~rcent semispanpositionat stations2 and3. The80-and90–Percent
semispanpositionsat station2 werenearthepositionofthedisturbance
fromtheapexofthetrailingedge. (Seefig.3.) Sticetheinstrment
usedformeasurtigthestreamangleswillnotfunctionproperlyina regim
of largepressuregradient,itmaynothaveIndicatedaccurablythestream
anglesnearthedisturbancefromthetrailiqpedgeapex. The~rcent
semis~anpositionwas,ofcourse,veryclosetotheboundary-layerplate
and,aswillbe shownlater,thethiclmessandintensityof thefriction
wakebehindthewingandclosetotheboundary-layerplateweredispropor-
tionatelylarge.Hence,Itisprobablethatthedownwashat thispoint
wasinfluencedby theinterferencebetweenthemodelandtheboundary–
layerplate.

Sincethedownwashatanypointintheinducedflowfielddependson
theliftdistributionwithintheMachforeconeof thepoint,itIspossible
to studytherelationbetweenthevariationwithangleofattackof the
downwashandlift,providedsufficientcorrelativedataareavailable.h
ordertobe abletocorrelatethedata,thedownwashsurveypointmustbe.
solocatedrelativetothewingthattheMachforeconeof thepointincludes
onlyan areaof thewingwhereina detailedknowledgeof theloaddistribu-
tionisavailable.FormodelA thedownwashsurveypointsarelocatedso
fardownstreamrelativetothewingthatalmosttheentirewingisIncluded
withinthe.Machforeconefrm anyofthesurveypoints.Consequently,the
downwashat eachsurveypointisaffectedlythevariationoflift

.
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distributionovermostof thewing. Hence,to obtainanycorrelation
betweendownwashandliftforthiswing,a detailedknowledgeof the
variationofwingloadingwithangleof-attackoverthe
be required.Theloaddistributionsgiveninreference
areinsufficientforthisstudy.However,formodelB,

, itativecorrelationisyossiblesincea ~roportionately
thiswingaffectsthedownwashat surveystation2.

entire wingwould
10formodelA
at leasta qual—
smallerpartof

Figure7 showsthetheoreticalandexperhentalchordwisedistribution
ofliftin~ressurecoefficientperdegreeangleofattackforfivespan—
wisestationsofmodelB. A typicaoltraceof theMachforeconeonthe
equivalentfla%platewingat a= O isshowminfigure8. Althoughthe
areaof thewingincludedwithintheMachforeconevarieswithangleof
attack,thisvariationisnegligiblefortheangleaf+ttackrangecon-
sidered.Thechordwisepressuredistributionat the6.~ercent semisyan
stationshowsthat,at lowanglesofattack,theliftovertheforward
portionof thechordisconsiderablyhigherthanthetheoretical.With
increasingangleofattack,thepressure-distributiondataindicatea
sharpdecreaseinthesectionlif%urve slope.Betweena = d and .
a= 10°,thesectionlift-curveslopewouldbe ayproxhatelyequaltothe
theoreticalvaluesincethepressuredistributionscloselyapproximate
thetheoretical.Thedataforthe25.6-and51.2=percentsemispm stations

. showthat,withintheregionincludedintheMachforeconefromthe10-
percentsemispanposition,thevaluesofthelifting=pressurecoefficients
perdegreeangleofattackgenerall.~increasewithsngleofattack,in–

. dicatingan increaseinthesectionlifkxurveslopeswithincreasing
angleofattack.

At station2, theeffectof thesechangesinliftdistributionis
apparentinthevariationof downwashwithangleofat@ck at the10-
percentsemispanposition.Thedecreasein de~/da whichoccursbetween
a= 2.5°and a = 7° iscoincidentwiththedecreaseintheslopeof the
sectionliftcurveat the6.~ercent semispanstation.Theapparent
increasein de/da,whichaccompaniesfurtherincreasesinangleofattack,
maybe eithertheresultof theincreaseinsectionlift-curveslopein—
dicatedby thepressure+iistributiondatafo.rthe6.4-,25.6–and51.2–
percentsemispanstationsortheeffectof thedisplacementof thevortex
sheet.(Seereference4.) Theincreasein dei/da withincreasingangle
ofattackat the30-and50~ercentsemispanpositionsmaybe duetothe
increasqinlift-curveslopefortheportionof thewingincludedwithin
theMch foreconesfromthesepoints.Thedownnehc~e forthe7@Pe~ .
centsenispanpositionexhibitsa relativelyuniformvariationofdownwash
anglewithangleofattackovermostof theangle--f-attackrange,witha
decreaseinslopeoccurringat thehigheranglesofattack.Thisdecrease
isprobablyassociatedwiththedecreaseintheliftingpressurecoeffi-

. cientperdegreeangleofattackwhichoccursat thehigheranglesof
attackfortheregionneartheleadinged~ of“thewingat the51.2–and
76.9=percentsemispanstationsand”isparticularlyapparentat thislatter

. station.Littlecanbe saidaboutthevariationof e with a at.the90-
percentsemispanposition,exceptthatitisprobablyaffectedtoa large

-
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degreeby theIeading-alge

A similarcorrelation

b

separationwhichisknowntooccuronthiswing.

of thevariationofdownwaahandhad diatribu- .
tionwithangleofattackforthedataat station4 isnotpossible,since

.———..

theeffectsof thevariationof loaddistributionwithinthelargerregions
of influenceforeachsurveypointcannotbe determinedreadilyfromthe
availabledata.As showninreferences4 and5,anadditionalfactorwhich
wouldhavetobe considered,at leastforthosesurveypositionssome
distancebehindthewingtrailingedge,is theeffectofdisplacementof
thevortexsheetonthedownwashdistribution.

Wake

TheTitot-pressureprofilespresentedinfigures9 and10 indicate
thelocation,thickness,andintensityofthefrictionwakeforseveral
semispanpositionsat stations5 and6 formbdelsA andB. Thedatashow
that,withincreasingdistancedownstream,thewakeexpanded,and,with
thewingat positiveanglesofattack,moveddownwardrelativetothefree
stream.Ingeneral,themaximumpitot-pressurelossat thewakecenter
linedecreasedwithincreasingdistancedownstreamfrcmthetrailingedge.
An exceptionisnotedat the3&percentsemispanpositionformodelB at
station6. Thedataindicateslightincreasesinpitot-pressurelossat
thewakeoenterlinebetweenstations5 and6 andbetweenthe~0-and
30-percentsemispanpointsat station6. Movingthesurveyinstrument
fromstation5 tostation6 ormovingitfromthe50-percenttothe3-
percentsemispanpointat station6 increasesthedistancebetweenthe
surveyrakeandtheairfoiltrailingedgesothata decrease,ratherthan
theindicatedincrease,inwakeintensitywasanticipated.TIIisapparent
discrepancymayarisefromthelackofsufficientdatatodefineaccurately
theprofilesofpito%pressure10ss.

!J%edisproportionatethicknessandintensityofthewakeat the10-
percentsemispanpointsarebelievedtaresultfrominterferencebetween
themodelsandsupportandwouldnotbeexpectedinthecaseofan isolated
wing. Thissamephenomenonwasnotedinwakesurveysbehinda rectangular
anda triangularwingundersimilartestconditions.(Seereferences4
and5.)

To illustratetierapiddisplacementofthewakewithchangesinanEle
ofattack,particularlyintheregionclosetotheplaneof symmetry,span-
wiseplotsofthepositionof theupperlimitof thewakeat stations5 and
6 arepresentedinfigureshand 12. Thesedatashowthatifa conven-
tionalstabilizeristobe usedinconjunctionwiththewin&bodycombina-
tionofreference7 itshouldbeplacedat least0.22root-chordlength
abovethebodyaxisifthewakeistopassbelowitatallanglesofattack
up toapproximately8°. Thisresultdoesnot include the effectsofthe
fuselagebutessentiallyrepresentsa limit,sincetheeffectof theupwash
fieldofthefuselagewould,inmostcases,causethewaketoriseeven
higherabovethebodyaxisandthusrequirethatthestabilizerbeplaced
evenhigher.
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!lheexperhnentalvaluesof therateofchangeof downwashat zero
liftagreewiththevaluespredictedbymeansofthelineartheoryonly
at isolatedpointsforthetwohi@ly sweptwingsusedinthisinvestiga—
tion. Ihmostinstancestieexperimentalvalueswerelessthanthose
predictedby thetheory.

Theslopesof theexperhentaldownwashcurvesfortheta~eredtig “
didnotexceed,at anyangleofattack,thecorrespondingtheoretical
slopesat zeroliftexceptneartheboundary-layerplateandintheregion
of thedisturbancefromtheapexofthetrailingedge. !lheobservedvarla–
tionof therateofchangeof downwashwithangleofattackunderlifting
conditionsfortheunt.aperedwingcanbe qualitativelyexplainedon Jhe
basisof thevariationoftheloaddistributionwithangleofattack.Thus,
itappearsthatcalculationof thevariationof downwashwithangleof
attackmayle feasibleoncethevariationoftheloaddistributionwith
angleofattacklmsbeenaccuratelydetermined.Additionalfactorswhich
mustbe considered,ofcourse,aretheeffectsof thedisplacementand
distortionof thevortexsheetaswellas localeffectsofthefriction
wake●

AmesAeronauticalLaboratory,
NationalAdvisoryCommitteeforAercmautics,

MoffettField,Cal.if.

APPENDIX

DETERMINATIONOFTEEDMJNWASHDISTRIBUTION

FORTEETRAIG~E EIJQ&TS

Symmetrical~ail-in@@3e~e~nt

Therelationbetweenu and w intheconical
thecomplexvariable~ is (Seereference14.)

*—
w= -i J

1

Fromreference9 forthesymmetrical

u= r.p.~

trailing-edgeelement

F(q,k)
K(k)

(A2)
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where

and

Differentiating
●

k=-

equation(A2)withrespectto ~

$=* 1

+hF!’)u’-m.f)

andsubstitutingthere&lt inequation(Al)

= r.p.AL (..s,-.ly ):K(k)mt

mm RMA9m2

Thevalueof % IsdeterminedfromStewarttsequationforthevalue
of u~ at a =-0

U* = aVm2
j3E(k?)Jm’_a~

and
mVa

‘o=—~E(kt)

Substitutingtheseresultsinequation(A3)
thecomplexvariable{ = yo*+izo*

w—=
aV

k:=-

(A3)

andtakingtherealpartwith

1 —1 1~ Cosh ~ [d(M-m&*)%-fzo*2 +
PE(kr)K(k)%

J(L-m&o*)%l.&+@1...-.-...x~~=r,”x,,.,,.

.

.

.

. .

.

.

.

.

(A4) -
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where

Xo = x-c.
‘

3-O*= Ye/+
1-( ZJXJ2

– (zo/xo)A- (Yo/xo)2-(zo/xJ2
1– (zJx J2

‘o= pz co= rootchord

ObliqueTrailin@MgeElement

Fromreference9 fortheobliquetrailin~dgeelement

Ua ~ (l+mt)(a+~)–2(a~+mt)
u= r.p.~ cos

(1-~)(~–a)

Differentiating(AS)withres~ectto ~

Substitutingthisresultin (Al)

frmuwhich

r

r.p. : JT=Y m3w=

G
J(l+a)(mt-g)-J~-a)(l+tJ
J(l+a)(~–~) + { (mt–a)(l+~)-

.

1

JGFZT-JmiFD/
logJ@rT+Ji-jimj

(A5)

(A6)
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Lettingthecomplexvariable( = ya* + iza* andtakingtherealpart
ofequation(A6)

V l-og
(o_&o)’+ (x-& e)2
(n+A& Q2+(x+&e)2 1

where

j
u+(mt-ya*)

Q=
2

x. i
(A%- Y~*)

2

where

YJxa
‘a+=-

where

w= J(Mt-Ya*) 2+~ax’

* = A/(l+ya*) 2+za-

%Co
‘a =x——

II&a

‘a = $Z

.

-(zJxa )A-(Ya/xa )2-(za/xa)2za* =
1-(‘J% )2

. f!! %FoaYa –—mt-

Co= rootchord

(A7)
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Station : : g Basicconical T!railin~dgeelements
(reference11) ~=tiical

-(L
&

Oblique
(equation(2)) (equation(5))

da

2 2.1

3 2.1

4 3.0

ModelA

10 0.810 -0.440 0.039 0.409
20 .801 -.406 .006 .401
30 .785 -.356 –.026 .403
40 .770 -.298 -.057 .415

0.2250\ .740 –.237 -.otw .419
60I .695 -.160 –.092 .443

.610 -.lm –.059 .450
E .440 -.030 -.015 .395
90 .180 --- --- .180
10 .675 -.254 .032 .453
20 .665 -.240 .008 .433
30 .652 -.220 -.016 .416
40 6 –.190 1 -.041 .392

.4450 :2 -.148 -.043 .389
60i .510 –.101 -.031 .378,
70 .425 -.049 -.o11 .365
80 .33 -—- --— .338
90 -—- --- --- ---
10 .860 -.604 .X25 .381

●22So .85-0I -.534 -.018 .298

ModelB I
10 .817 -.445 .002 .374
30 .800 -.252 -.017 .531

2 1.7.1750 .764 -.088 -.003 ,673
70 .673 -.020 -.000 .653
90 .340 --— —-— .340

4 2.4.17~g .867 -.675 .02g .221
.860 -9593 .008 .275
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Model B

Figure /.- Sketch of models A andB.
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Figure 6% Variation of force coefficients
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Figure Z- Chordwise vuriofion of Iiffing-pressure coefficient per degree angle of of tock at’
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Intersection of Much forecone

(

t v M
‘\l

St&n2 \ II
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Figure8. – Sketch of modelB showingpressure-distribution stdions
(reference 8) ond intersection of Much foreeone of ~~e 30-
percent-semispon point ot stotion 2 untt the phne of the
wing d zero lift.
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Figure IL- Position of upper Iimif of wake refaf ive to plane conf aining
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(b) Station 6, x=3.3 c..-. . . .
PlgUrc?IL-ConCluded.
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